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ji * ^fcm * ns MMKoi&mc&m zmcnt a x 
® i: -r § mm** ^ v * > f=f> w x c 

gfflW$)t£WA-f ttfT't, buIES? l <7)«ffiSg 

[li*«4] **#»B*3iLTeil«H4-*3vyK 
KlSSFLT, 4PftKOffi«4)icSf( 1 «3auSOWtPW«rl9 

A^^MIE3S&SS«rffl LTCai^-e-4^3v> Kfcffi 

m i *s«kt;» 2 o3Sjg<o»j«wt%eits-&5»^*gi?T 

[11*85] BuiE#A-r5^'v7°*5j;D : ^e^ 
£: f 5 4 §E«<D?j 

mmmcm & c t z®® t tmmm 4 k«©#&, 

C»*3S7] jwfEgA-f5*x'y:/©5-£©lotf, 

SWIffittKO**—. + 'J 7««£iiA 
$ tf* cote «^«fi**tr 5 c i: * 3 IS 

*«4fE$<D#i£o 

mummtpic&mzn. tmmm. a*k m \ *3«fct>* 

»2<Dtftfj, ftljIEA^A^HuiE^l *fctt^2(OtH^tc 



(2) ^2 002-2 6 8 1 0 5 

2 

#Ete£»U ^ohuIEA^^p»MIE^2 0W^^ 

immmi 0] mitten, im&uvwwTitv^ 

SM8P)t^^KlE§LT, fulfil 1 ©Ui*A^W3ES2 

[0001] 
20 [00 0 2] 

h (direct) tZfz&blc, tm#)& *) M^lQ&Xf <fc 
frt (total internal reflection) %&mt%> a ±^ 

So 

[0 0 0 3] Jtefcfcfc^U* r- 

30 T%rcibicmmzrimz>o mmwmmfcmmcts^T. 

fift^ tS^ (lattice) O^ji<0*-^-Ta5S«^, 
7*hr.yir^K^t7^ (PBG) ^#6. PB 

(i^<, HJWfl9BI*{«}l3iTS*f«nS (reflected of 
f) o *©«hffi^ ifi*^ (near infrared) Sfctinf 

40 PBGWIiifcPffcfnS. PBGK*ttS»S*W-rS)l6 

a, PBGfl!ji*o«^^+*/u%e*-rsct««-e* 

[0 0 0 4] )1c++^T')'%Sfi!t-r5/-ci6tCPBGMig 
fcffiffl-T So 0. Painter^fciS^i 

"Two-Dimensional Photonic Band-Cap Defect Mode La 
ser" ,19 9 9^6^ 1 1 BJWrO^-rxv^ (p. 

1 8WT) S> Zl^jr (2D) (D2D P BGitiifCfc 

a. mi -vaasiM*:iHw*Kfei^THjfi*n, u- 

50 <f*^tTx^^dc-rSfc46{c, 2D PBGflKfif© 



(3) 

3 

*-**>M3«fctffcfll (defect) %<$ffl-f So 
[000 5] 

[0 0 0 6] 

7c ( l D) *«jSSS**<0(fK:W-r4^U-^*ifiJS 

(planar waveguide) ; &tS^^8l)fc7>'l' -v (integrat 
ed optical switch) IcMt&o 1 D^iSSSti, 10 
**JBritTSl$Sffi5flUllfKi* (specific interaction 
region) ZGtZo 7 4tl*lt, '>£< tt>-a5t* 

7^/U*tfSf?i^tl&2#&fc©frc*ML-fS 

tcti^T 1 DWi£S8*£fiMTSft£KI«-So 
[000 7] ^<Ofr4)£MBgS(cttrvr, 1 D#i£Sg 20 
ti. PBG*Jfi*J:tf*0*Of-ir*;l'fr6»ia*n 

(holes) ©JBWIiWE?>J^6©J**nfc«S*+ Iff -f 

[0 0 0 8] ^WftX-r-vf-ti. I I I-V«¥3S 
(*, WltftfU 7i» (Ca),«(As), -ry^7 30 
A (In) , feiri'Jy (P) <0$f;l/-7>e>©7aR* 
^tr^gttKfcttS P B G^)g*5ctt>*cn6<D*#ftcp 
fc*+'J7fBfi*4i;5llPl1B)t<Dil![fi*lIffl-r5o 

Wft^vf-tt, *50. 9£^L1. 6 5(imOKlO 
[0 0 0 9] 

u%m<Dnm<DBmi m 1 Afe«tt; 1 b«, h«s i x 
jttt, ±mi5£VTmommm6X'(D£ftfflm (tota 

I internal reflection) O^-dS KI¥ji;C4!>6ft 
So 7U— J-flKS8tt, lf«JB)ie«(*. 0>J*.tf» Ga, 
As, I n 43«k tf P 6 * S 7> 6 cDxcjUSr^t? 
¥«M*$fc»iJ5iJ© I l I -V 64* l DJttf- 
**/H 2£#ty 0 ***/H 2fc<fcriJ*W (boundari 
es) l 3ti. ftATJ 1 4A»6Jtta* 1 e^KZHK 1 D 
ftj/?i£SS£0$-fSo 

[0 0 10] ?-**;U 2{*> a«?*nfc»fi«ffltft 50 



2002-268105 

4 

S^+*;l/ft£jgjS$-tf\ fficDifcfifgBfc&Sf +*;l/ 
TfrS-Sft^-es^-f l 8£^ty„ 7^* l 8<D 
i£SS#?ttli, $i)Sl7^-bX7'f y K7 l 9£iILT7 

WM79±M 1 9(i, 7*U— *-«3l8©±a 

ffi±(cfe§ 0 ^-r*;H 2(i« Jt7.-Y-y^i:LTC07^ 

l 8^faJSPft«&g<Dg{tfcjSgTSo 
[0 0 1 1] 1 Dftm&m&, *4r*;H 2 

R«{*JB(i« *-**;U 2<D*j»ftJ: , 5tfgi/«$^ 
frfSo cftfc<fc»>, ttftfifiti, £rt»E»te<fc»J, 
^+ 1 2 (cffio TfcflW S «fc ? KftfcH 15 C #>S, 
^<O^CDHfig^(C*5^T> ^-f*;H 2&> A7J 1 

COO 1 2] HI Cti, Hi A- 1 B <DWM 8 <D~MM 

mmzmu f-v^n 2«, i i i-v**wf«Ki* 
3«, *+*/n 2tcfc')-ry^-7 7 , h^nfc 

PBGM^MU HP*, f-**/H 2fCfi:*7v f x 

[0 0 13] P B G#t3£te, *7i?x* h 2 
^e>©3b-U^ MUM (diffraction) fck»?f- + ^ 
;H 2fp*fifiS'r5«fco{c^«l^cKi;i:465o $ 
fc, PBG«3gti, 1 2tfcD7t{E»*, 

n/c&S«5Htc$i]Pl-rSo ffi©SSIBHfp<7)7t{=;, 

2*tcAS«T't=:*<, 7"U— ^*Jfi8<DflHiS-p 

sit "f So 

[0 0 1 4] HI A- 1 CfCfel^T, 7-r/l/* 1 8{i, 
-ftS^Xf7\y^'P<D!Kf&2 6*StS<, *7v ! x^ H 2 4 

W44-7i/*x7h 2 4tt, 7^U-^mji8^^S$W 
14i*fctt?L*^tyo W*Wft^»2 6tt, ^+*;H 2 
cp(T)2ffl(D>'-^>>'^yl/(c^1-S^7> 7 x^ h 2 4 
RBOfflPHtf, 7^;l/^i 8<Dtb<Di/— J ryi/irMclllt& 
fS^7i/'x7 h 2 4ia©lffllHJ:»)**^Sfett'h?^ 
C i:T-£So H'J©flf>I^W*^H(S 2 6 fi, 1 oco^7'>*x 
^ h 2 4£>\ 1 8 01©^7->"i^ r- 2 4 £ t> 

[0 0 1 5] ftR&2 6(i, *7->*x^ h 2 4C071/-Y 

£K>>h-Z^7\sJ2 2, 2 3lcftffitZ>o 7W2 2, 



5 

Oi&S^ft 1 /4fre>2fgT'fcS 0 XW§2 6*5<kD*<fcD 
/h$^7U^22. 2 3(i«fC % ^ + */H 2<t«Dft,B 

SiS*t§5 (distributed reflectors) T-&3 0 + 

[0 0 1 6] 0 1 Dtt, 01 A- 1 Ct^*nfc7-f 71/ 
fr%*fo £St*tt, 7^* l 8AV ^-Offl^f**^ 

*mi%!iuc(ctt#-r«. 

[0017101 Dfct, 7^;1/* 1 8<D'tX'iy KtcJt 
LT, *IW)l63SfiAfe«J:t/Btt. *n**ft*iM&S A 
«kt)* A ' MA^SW^li, 7-r/l/*i 8 

"fS. ^ItBcDMSPftfi, 7C<Dj^g A <oyti}\ 74)\>$ 
<DrtZ*vy KO^cas <k ate, 7 4 )\>$<r>^>\MM?Z 
'>7h-T5o iimat), ^JtBtD$i«{±, 7-rrt/* 

f So 

[0018] 8©tt'/C,»ia[Sh:Jtra^7ho 

+r^TX\ EP%, I A- A' I tt, IMMBftWtt, »JWft 

co&g, fe«ttfiiiij»)i£»cjfrs3iiasfkfctt^-rs. ¥ 

mwmmc^LX, )Vy F*> 7^S^?)i^;W: 

[ooi9] *nn: Ttjsstt i i i - vj& 

7 h*%.uz>o mffimv i %co>"7 hjcwLT, Kmm 

fi, 7 4)1$ 1 8<Di/7h£tt/'c/S7,A;/Ft5«fcU*S'7 
h- $ ftT 1/ t v ^X/ S > F tf^Mstc / ^ -y 7* L * ^ 
0 0W±<DQ^^gi:-r§o CCT, Qti, 

[0 0 2 0] Ga, As, I nfeACfP*^ 

mma&^x 1 %<omtfi^>7 v^^^tct^ 

WfflDtti, fOl*;l/W, Ga, As. I nfcitfP 
K <fc S^Wftw^W/O -y ^OKfitiff^Kfi 

: FW^>K*+'v7'<Dx*;U^+*5j0. lfccfctfO. 5 
xl/7hny#/H- (eV) (cl?U\, C£>i£g©a#? 
tt. »^* + */H 2, BP^-£cDJS£tf.ft0. 3&V>L 
1 . 5 5*n>of- + *;KOrtfBk:fe^«Wffli)t<Dtt4: 



(4) ^2 00 2-2 6 810 5 

6 

3g8fct3^s^fflic^$nri/^ 0 
[0021] Jt^v zrc&xom i a- i c 

(074)1$ 1 8(c*fLT, »J»JieK«J:04i;S-«i , 6ns 

«kt;aa««B8'p, 7-r/i/* 1 ssrx^yf-fscttc 

&3„ #J l %©fiJfflpJ&£fM>i£g>'7 FK*tLt\ 7 
-</i/*i 8KW"r**o«k?ftttl!8Sfttt, 7-r 
10 /I/* l 8ff&^Q*G?%£tZ&mi:tZ 0 74/1$ 
18tt, 7U-T 2 2, 2 3<Dp73**, f- + *;H2K}ft 
oTi/'J 7>l/fC|SR|**5;frftfc3 - 5 Sfcti*nW±® 
^7->'i^h2 4%Wt§^> *3<ttf7H'2 2, 2 

*;l/*©i|>i&a«0tt l/4 4l/^L2®-e&S«^, K 

[0 0 2 2] 0 1 E«. 0 1 A- 1 commtz-fv?- 
<OW}ftJi&3 0^-r7a-^-v-FT'fc5 o «8J<DB$ 
iSfC*3^T, X-fy *;H 2*»S}ftfiB*:/ 

20 n-y^-f U ^7X7% r-#, T^yf-ay h-a— 7 

fCfcOS^^ti* (7f773 2) o C©iJ?x7Mc 
fSSLT, ayha-7ti> 7^)1$ l 8ff©$i|fflift$i? 
a^rSgfiL, 7-r;l/^ 1 8fC^-+*;H 2^*e« , TS 
Tfe^SW^^ (7,-f-y 7"3 4) „ «i|«l)tfi, 7U-^ 
«IJt8<D3SW4fW»7f -bX«>-f > F7 1 9£fflLT7 
4)1$ 1 8tc«A$n?>o 

[0 0 2 3] MH^SftSfcASSFLT, 7^r;l/^ l 8^ 

30 TJ^I^ f-<r*;U 1 2<DKX7J 1 4 {Cfcl/>T§fI$ 

8t4, A71^ff^A^l 4fC|S]^oTS*fbTSf 
Uf77"3 8) „ &<DRfo5tCfc^T, ^-v#-.;H 2* 

jiSJteia*2!ja?-ttSfe»0»rUi/^J*xXF3y, 3 

>hD-vtcJ;0§fi$ni. (7,x-y7°4 0) . 
[0 0 2 4] #tL^>J^xt, hteJSBFLT, nyhD- 

7li, f- + *;H 2 4 , *efi|-r5^7- t ;l/^ l 8fcjg 

74 2) o wmim&^timLx^m^ ktim 

40 f-+*/H 2(7)^73 1 4 KfeC^TSfiSnS 

Uf77'4 4) o SffUWftafiKJESLT, ^+ 
2tt» 7-fy^l 8^aLTf- + ^;l/l 2WW73 
1 6^A7J^ffl^Gjl$-li§ (Xr-y74 6) 0 
[0 0 2 5] 0 1 A- 1 C<DyLmc$fflBlt&%74 )l$ 
1 8*5^0*^ + ^1/1 2fi, ^OKKftft^yf-^ 

[0 0 2 6] 02(i, *-<DA73^-V^/l/5 2*5«fctf 
-WtDtb7^l£^ + ^;l/5 4. 5 6£§& 1 x 2^X-Y-y 
f-5 flFfl^Waf- + */U5 2, 5 4, 5 6ti. 

50 mfnt^ZD P BGffi'&fplC&2> a 2D PBGi 
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mit. ^ngft, 01 a- i c<om&B\cwt7v— t 

#t>!5 8^{cSHB$n?>„ PBGttigfi, ?£DIS#r$ 

»©*:7^x*M±, MIHfi5 8*aLT£D*g& 

[0 0 2 7] *-*r*/l/5 2. 5 4. 5 6 «\ PBG«jg 
©2D7W^^-7/hn, PBGPigti, A 

cntciO, AftftcO&ficDfEB^, 5 
4, 5 6fc»oTe**-fr4o 3ttt, A*J*4r*/l/52 
*fc»U *<0& W^f- + */l/5 4feJ:tf5 6fC»o 

[00 2 8] ix2^7fli, tB*f- + *yl/5 4. 5 

4.66 £^£y„ 7W64. 6 6 ti» 11 A-lCt 

f^tUKt§ 0 7U-T6 4. 6 6fi, 5 

4j8jfltt%*t*^7-r;P*i:LT«fll'rSo 7W6 
4, 6 6M\ 7U-*«3i5 8<Q±affi"$i©SW**Jffll 
7^-bX?-ry K9 6 7, 6 8fc<fc97L~r 6 4, 66 

%o WnftZ-hto&mt. 7M6 4, 6 6£jgiitt 

*yl/5 4. 5 6tcaJRWK^i''yf-fSo 
[0 0 2 9] &tc v Mr+v:/" J: OflfcWcft 

^ (0IJ*.{£, Ga. As, I n&JctfPTM^ttfc^ 
< -Ofr<D!££k¥mmcttLX 1 . 2 - 1 . 3 ft m) (Cfc 

Sr¥«» 7l"f6 4£, A^3^+*;l/5 2*>&§tesn 
fcJfc&?-+*7U5 2. 5 6tefi*h£-£, ft*;l'5 4i: 

li, 1 OJa±<OftRa*:7Vx* H 5 9 , WAtf7L«\ 
^ + */P5 4fc5 6fc©ra©XHj&ia<fc:E!lU ffi^J 

[0 0 3 0] pmmt. >K9 6 8tC>!£A£tU A 
*^- + */l/5 2^6S(i?nSJlfiKWLT, 7W66 

;U5 6cp%<Hfi|-r§CDT'{i^< > 7W6 6*C«t 
*;l/5 2. 5 4(CS^^n§o 
[003 1]H3M\ 1 xN^-f-yf-fcUTttfil-r* 
yU-^i§7 OcD±S0T'fe§ o ^jg7 0«, 1 OCD 
A*Jtf- + */l-7 2*Jj:tfNfflOHJ*)tf-fr*;l/7 4 , 
-7 4n %SsiS 0 *Ul*)t^ + *7l/7 4 , - 7 4« »i s 
«6j3E<OMWJt tf— <fc t) MS^IflET?fe 0 35>o|g 1 A- 



(5) mm 2 0 0 2 - 2 6 8 1 0 5 
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1 C©7*/l/* 1 8Kl3§i<£Cf 37f ;1«*7 6. -7 6« 
£7 6, -7 6« Miff */W 4 . -7 4n 

[0032] mmits.^v+it. m$Mz d p b g 

«ii*«*.fc:7U~*-fllJt7 0"T?a&S. 7U— 
£#WJ* P B G*Jfi©)ttta*^^x* K <W*tf?L 
10 (i, ?- + *7l/7 4, -7 4n Kfiftlv 

[0 0 3 3] &7-f/l/*7 6, -7 6m tt, 0 1 A - 1 

CQ7^;U*7 6, -7 6» fcBa-T5*JW)ti;-AO# 
afeitf/Sfcti^Flttt, titor + ZtH 4,-74 

<D7^/l/*7 4 . -7 4n ti» *KttlcBli;eflH9tt« 
*U A^ft^ £tttfj*-+*Jl/7 4 , -7 4n tc^fii 
20 -r-5Ci:(c*§„ 

[0034] n- i fflowwyet-/**^^ 

fcN- lflOtftfrf-**^? 4 . -7 4* (i, KhftXC 
WLTKWttfc4So ^LT> cn6©f-4r*;l/7 4i 
-7 4n 8, X*3ttf-4r*/I/7 2fc«ktfS9©tMjtt*- 

[0 0 3 5] «Bt7 0Ofl!iOfEMi»»k:*^T, H^U 
30 fc^iliinW&ft?*/!/*^, flfi<DUtfj*-+iM'7 4 i - 

7 4h-. ^ossjAnotiiAf-^ *^7 4n ±©^m 

KiBoTBBSttS. iIjtatfj&7-f;l/#{±, 0 1 A- 1 

[0 0 3 6] ±j&L1t7>'(y*lClS^T* 7><iv*V9 
xe-Ktt, *->*>l»BHBj:tf*-y*7l*IBOft 

If I I I -vjR¥#(*:o«fit*«kt;sj»prfi6ft)1£7-r;u 

40 * 1 8. 64, 66, 76, -76n tC^ffl^n^^T" 
^x*h©7U-T2 4*5«fct55?H82 6 <r>ft,<Dmmctefc 

fiJcft<D*+'J7ffiJt{i > *JfilPlffi*)t7-f/I/* 1 8. 6 
4, 6 6, 7 6, -7 6« £fctt*ja&fs|s*i*ii>*o 
[0 0 3 7] entcjeo, ^->^yffi?P^«, £B£<£ 

Ki»S4:*tlSI*rafc«koT©*8iiJI8Sn«o ffiZFlcfe 
50 § 0 ++'J7ma^U-htt, /^*«M*OH#ft*Mt 
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ffi^# (surface contributions) ti, HSfllfccfctfSlii] 
QmWS.74)\>* 18. 6 4, 6 6, 7 6, -7 6» ^ 

[00 38] 7<';W18, 64. 66. 76.-76 
i/x-yh (power budget) let OWg^nSC tlc& 

So 

[0039] H1A-1C, 2*5*U'3tC/^$nfc7tX 

(D^y^^ bicmffi-$nrzmmz%tSo mmi, ma* 

U7ggJtli, Sl#^tb (stimulated emission) (C^O 
[00 4 0] 

[00 41] ftf*i§#©$EB<9f8IE<Dgft©&{c£3&T 
SB* L fc #*t S 5 «£tt , WO-^«i0iJO*HEIB 
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[01] A fttt^T.'T-y^^ffiH 
B lfc«ft;W-y*<D(lJE0 

C PBG$ilfcg-3<01 A- 1 B©X^-yf-©-|| 
D 0 1 A- 1 C<D7,-(-y^C^X^mtt\^y -<)V 

e aiA-i co*a3ttx-f •yf-©»fwa*jS'r7 

P— h 

[0 2] 1X2^7 *<D-HS&?£<g<D±ffi0 

[03] i ^mmmm-fv<r>--nmmm^-t± 



10 



[^oKiW] 

6 ftfljjg 

8 fis-i-mm 

l 2 ft*+*;l/ 
1 3 JftW 
1 4 KXt) 

1 6 3ta* 

20 1 8 

1 9 Wm7>?*Ltt4yY*J 

2 0, 2 4 #7^x*F 
2 2,2 3 7W 

2 6 

5 1 Aft 

5 2 AT^f-^l/ 

5 4, 5 6 ta^)t^-V^;l' 

5 8 7"U-^«jg 

5 9 *:/:>*x*r- 
30 6 4,6 6 7W 

6 7, 6 8 Si|»7*-feX">-i yF* 

7 0 t$3S 

7 2 Artftf-**^ 

7 4 tH^33tf-v*;l/ 
7 6 
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(54) INTEGRATED OPTICAL SWITCHING DEVICE AND METHOD FOR SWITCHING LIGHT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an improved optical 
device which uses a nonlinear optical medium. 
SOLUTION: The optical device provides an optical routing 
function of switching or redirecting a light signal. This device 
uses >1 control light beam which is coupled with >1 previously 
selected area of an optical channel formed in a substrate 
through the top surface of a planar structure by a relatively 
small control window. The presence of a control light beam in 
the control window increases the refractive index of the 
nonlinear optical medium as part of the channel. The part of this 
channel includes a structure functioning as an on/off filter for L 
reflecting or transmitting the light signal propagated in the j 
channel in response to the intensity of the control light beam l 
supplied to the part of the channel. In several implementation r 
examples, the optical channel interrupts a 2D PBG structure, r 
which functions as a border for the optical channel. L 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The accumulation light switching device characterized by to have the optical filter which has the 
spectrum permeability over the light which answers the control luminous intensity which is arranged in the 
planar substrate which has a nonlinear light medium and an upper front face, and said substrate, is arranged 
in the waveguide which has one or more boundaries constituted so that light might be made to spread to a 
central field and said central field, and said waveguide, and is transmitted to said filter through said upper 
front face. 

[Claim 2] The device according to claim 1 characterized by having further the 2nd filter which has the 
spectrum permeability over the light which spreads the inside of the medium which is arranged in said 
substrate, said upper front face can introduce control light into it, is arranged in the 2nd waveguide 
connected to said 1 st waveguide in light, and said 2nd waveguide, and answers the control luminous 
intensity in another waveguide. 

[Claim 3] Said 1st and 2nd filters are devices according to claim 2 characterized by having the permeability 
which answers so that it may differ in said control luminous intensity. 

[Claim 4] The step which answers the command to which light is made to transmit through waveguide, and 
introduces the control light of the 1st reinforcement all over the field of waveguide, While performing 
actuation to which the control light of the 1st and 2nd reinforcement is made to deliver it the step which 
answers the command to which input light is not made to transmit through said waveguide, and introduces 
the control light of the 2nd reinforcement all over said field It is the approach of having the step to which 
input light is made to transmit, and switching the light characterized by said field having the spectrum 
permeability which answers the optical reinforcement in it. 

[Claim 5] The step to which said step and light to introduce are made to transmit is an approach according to 

claim 4 characterized by sending the light of different wavelength to said waveguide. 

[Claim 6] Said step to introduce and said step made to transmit are an approach according to claim 4 

characterized by sending light to said waveguide through a different optical window. 

[Claim 7] It is the approach according to claim 4 characterized by having wavelength short enough one of 

said steps to introduce increasing the charge carrier consistency in the waveguide to which delivery and said 

light sent receive said light sent for light to said waveguide. 

[Claim 8] It is arranged in a substrate and said substrate, make light transmit to said 1st or 2nd output from a 
nonlinear medium, an input, the 1 st and 2nd outputs, and said input, and the optical control signal of a 
certain reinforcement given to a medium is answered. The optical coupler to which routing of the light of 
the existing wavelength to the 2nd output from the 1st output is changed, The accumulation light device 
characterized by having the 3rd photoconductive tubing which has been arranged in the 2nd 
photoconductive tubing which has been arranged in the 1st photoconductive tubing which has been arranged 
in said substrate and combined with said input, and said substrate, and was combined with said 1st output, 
and said substrate, and was combined with said 2nd output. 

[Claim 9] Said coupler is a device according to claim 8 characterized by answering the 2nd spatial 
distribution of control light by transmitting light to said 1st output from said input by answering one spatial 
distribution of control light, and transmitting light to said 2nd output from said input. 
[Claim 10] Said coupler is a device according to claim 9 characterized by answering the control lightwave 
signal which has the wavelength corresponding to larger energy than the electronic band gap of a nonlinear 
medium, and changing routing of the light to said 2nd output from said 1 st output. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical device which uses a nonlinear light medium. 
[0002] 

[Description of the Prior Art] In the optical waveguide used in optical data transmission and an optical laser 
cavity, light is spread in the one spatial direction. Such waveguides use all the internal reflection (total 
internal reflection) in the interface between two comparatively more high media which reach and have a 
lower refractive index, in order to carry out direct [ of the light ] (direct). All internal reflection makes light 
spread in the medium which has a higher refractive index. 

[0003] Periodic dielectric structure may be used in order to carry out direct [ of the optical propagation ]. In 
periodic dielectric structure, optical propagation resembles the electronic propagation in crystal. When the 
wavelength of light is the order of the dimension of a grid (lattice), a photograph nick band gap (PBG) is 
made. PBG is the wavelength range where a photon can take periodic dielectric structure and cannot spread 
it. When the wavelength of incident light is in PBG, incident light is reflected with periodic dielectric 
structure rather than is transmitted through the structure (reflected off). The periodic dielectric structure 
where the grid length is the order of the wavelength of near-infrared (near infrared) or the light is often 
called PBG structure. The light which has the wavelength in PBG can spread the narrow channel in PBG 
structure. 

[0004] In order to form an optical cavity, the proposal which uses PBG structure exists. O. Science (p. 18 or 
less) of the paper "Two-Dimensional Photonic Band-Gap Defect Mode Laser" by Painter etc. and June 1 1 , 
1999 issue is 2D of 2-dimensional (2D) one. Formation of the laser cavity in PBG structure is shown. A 
laser cavity is 2D, in order to be manufactured in an III-V group crystalline semi-conductor and to form a 
laser cavity. The channel and defect (defect) in PBG structure are used. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the improved 

optical device which uses a nonlinear light medium. 

[0006] 

[Means for Solving the Problem] One side face of this invention is related with the accumulation optical 
switch (integrated optical switch) containing the planar waveguide (planar waveguide) which has single 
dimension (ID) optical waveguide in it. ID waveguide has the specific interaction field (specific interaction 
region) which forms a filter. The filter is controllable in at least a part by the control light which consists of 
a nonlinear light medium and is introduced from the outside. By changing control luminous intensity, 
optical switching is produced by changing the refractive index of a nonlinear medium so that a filter may 
change between the 1st condition and the 2nd condition. In the 1st condition, a filter makes the light which 
spreads the inside of ID waveguide penetrate, and reflects the light which spreads the inside of ID 
waveguide in the 2nd condition. 

[0007] In some operation gestalten, 1 D waveguide is formed from PBG structure and the channel in it. PBG 
structure operates a channel as 1 D waveguide which the light of the wavelength range chosen in it spreads. 
A channel contains the resonance cavity which was formed from the nonlinear light medium and formed 
from the periodic array of the hole (holes) which has a defect. The refractive index of the medium in a 
cavity is changed, and since the control light beam to which the resonance frequency of a cavity is changed 
is given, switching arises. 

[0008] An instantiation-switch uses the wavelength of the control light which produces a carrier consistency 
into the PBG structures in an III-V group semi-conductor, for example, the semi-conductor containing the 
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element from the group of a gallium (Ga), arsenic (As), an indium (In), and Lynn (P), and these semi- j 
conductors. Existence of a carrier consistency changes the resonance frequency of the refractive index of a J 
medium, and the optical cavity in it a lot. These instantiation-switches can switch wavelength (about 0.9 j 
thru/or 1.65 micrometers) of light. 
[0009] 

[Embodiment of the Invention] each of planar structure 8 in which drawing I A and IB form accumulation 
mold lxl optical switch — a plan and a side elevation are shown. In planar structure 8, propagation light is 
shut up by the main layer by all the internal reflection (total internal reflection) in the outside layer 6 of a top j 
and the bottom. Planar structure 8 contains 1 D light channel 12 which consists of a nonlinear light medium, 
for example, the semi-conductor containing the element from the group who consists of Ga, As, In, and P, or 
another III-V group semi-conductor. A channel 12 and a boundary (boundaries) 13 form ID optical 
waveguide which leads light to an optical output 16 from the optical input 14. 

[0010] A channel 12 makes the channel light in the selected wavelength range penetrate, and contains the 
optical filter 1 8 made to reflect the channel light in other wavelength range. The wavelength selection nature 
of a filter 1 8 is controllable by the control light introduced into a filter 18 through the control access window 
19. The control access window 19 is on the upper front face of planar structure 8. A channel 12 answers 
change of the control luminous intensity in the filter 18 as an optical switch. 

[001 1] ID optical waveguide includes the boundary 13 which confines light in a longitudinal direction so 
that the inside of the propagation medium in a channel 12 and the medium of a channel 12 may be spread. In 
1 operation gestalt, a channel 12 is formed with an III-V group semi-conductor, and the longitudinal 
direction boundary 1 3 is formed by one or more dielectric layers. A dielectric layer has a refractive index 
lower than the semi-conductor of a channel 12. Thereby, by all internal reflection, a longitudinal direction 
layer shuts up light so that it may spread along with a channel 12. In some operation gestalten, a channel 12 
has the longitudinal direction width of face which changes in the distance from an input 14. 
[0012] Drawing 1 C shows 1 operation gestalt of the structure 8 of drawing 1 A- IB, a channel 12 is an III-V 
group semi-conductor medium, and the longitudinal direction boundary 1 3 is the periodic array of the same 
dispersion object 20 arranged in the same semi-conductor medium. A boundary 13 forms the PBG structure 
interrupted by the channel 12, namely, there is no object 20 in a channel 12. An object 20 has a different 
refractive index from a semi-conductor medium. The instantiation-object 20 contains the inclusion in planar 
structure 8 including the cylinder hole which crosses planar structure 8. 

[0013] PBG structure confines light in a longitudinal direction so that the inside of a channel 12 may be 
spread by coherent diffraction (diffraction) from the array of an object 20. Moreover, PBG structure restricts 
the optical propagation in a channel 12 to the selected wavelength range. The light in other wavelength 
range does not enter into a channel 12, but is reflected on the side face of planar structure 8. 
[0014] In drawing 1 A-1C, a filter 18 includes the defect 26 in the array of the same object 24 which set 
spacing regularly, and an array. An object 24 has the refractive index of a surrounding medium, and a 
different refractive index, and, thereby, scatters the light which spreads the inside of a channel 12. The 
instantiation-object 24 contains the inclusion or hole which crosses planar structure 8. Or the instantiation- 
defect 26 has spacing larger than spacing between the objects 24 of everything but a filter 18 which adjoin 
sequentially between the objects 24 of two channels 12 which adjoin sequentially, it is a small thing. 
Another instantiation-defect 26 is that it is small or one object 24 is larger than other objects 24 of a filter 
18. 

[001 5] A defect 26 divides the array of an object 24 into two smaller arrays 22 and 23 which adjoin 
sequentially in a channel 12. The instantiation-separation between an array 22 and 23 is twice from the 
abbreviation 1/4 of the wavelength of the light which spreads the inside of a channel 12. A defect 26 and the 
smaller arrays 22 and 23 both function like the resonance light cavity for the optical propagation in a 
channel 12. The smaller arrays 22 and 23 are the distribution pattern reflectors for a resonance cavity 
(distributed reflectors). A resonance cavity permits what the wavelength of the light of the narrow range 
transmits, and, thereby, functions as a band pass filter 18. 

[0016] Drawing 1 D shows how the spectral reflectance (or permeability) of the filter 18 shown in drawing 1 
A-1C is dependent on the control light reinforcement introduced into a filter 18. Since the refractive index is 
formed into the nonlinear light medium depending on the optical reinforcement in it, a filter 18 depends for 
a reflection factor on control light reinforcement. 

[0017] In drawing 1 D, the control light reinforcement A and B generates the main wavelength lambda and 
lambda 1 to the pass band of a filter 18, respectively. The control light of reinforcement A is changed into the 
condition of making the wavelength which spreads the inside of a channel 12 for a filter 1 8 penetrating. The 
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control light of reinforcement B shifts center of filter wavelength so that the light of the original wavelength 
lambda may come out of the pass band of a filter. Thereby, the control light of reinforcement B is changed 
into the condition of reflecting the light which spreads the inside of a channel 12 for a filter 1 8. 
[001 8] The size of the shift to the main wavelength of a filter 18, i.e., | lambda-lambda 1 ], is dependent on the 
change on the strength to the wavelength of a nonlinear light medium and control light, and control light. To 
a semi-conductor medium, the wavelength corresponding to the energy exceeding a band gap produces an 
electron and an electron hole carrier consistency, and produces a comparatively big shift on the refractive 
index and the main wavelength of a filter which were constituted in such a medium by this. 
[0019] In spite of it, also to an optical responsibility III-V group semi-conductor, a loose change of control 
luminous intensity produces about 1% of shift to a refractive index, and produces an equivalent shift to the 
center of filter wavelength constituted in such a medium. When the pass band with which, as for the 
reflection factor, the filter 18 was shifted to 1% of shift of a refractive index, and the pass band which is not 
shifted do not overlap sharply, about 100 or more Q is needed. Here, Q is the inverse number of the half- 
value width of a reflection factor curve. 

[0020] Since 1% of refractive-index shift is produced in the semi-conductor medium which consists of Ga, 
As, In, and P, control light is chosen so that it may have wavelength with the energy near the wavelength of 
the electronic band gap of the semi-conductor by Ga, As, In, and P. For example, the energy is equal to the 
energy + abbreviation 0.1 of an electronic band gap, and 0.5 electron volts (eV). Selection of this 
wavelength enables almost all absorption of control light [ in / in the thin channel 12, i.e., that thickness, / 
the interior of a channel (about 0.3 thru/or 1 .5 microns) ]. Such a channel conforms to the use in the 
structure 8 which switches the wavelength of about 1.55 microns, i.e., the wavelength corresponding to 
energy slightly lower than an electronic band gap. 

[0021] Change of the refractive index produced by control light will switch a filter 18 to the filter 18 of 
drawing 1 A-1C for generating an optical switch between the reflective condition of the optical propagation 
in a channel 12, and a transparency condition. Such a change of state to a filter 18 usually needs to have Q 
with an expensive filter 18 to about 1% of available main wavelength shift. A filter 18 may have high Q, 
when both arrays 22 and 23 have 3-5 or the object 24 beyond it which set spacing serially along with the 
channel 12, and when it is about 1 of center of filter wavelength/4 thru/or twice the spacing between an 
array 22 and the object which adjoins the serial in 23 of this. 

[0022] Drawing 1 E is a flow chart which shows the approach 30 of the accumulation optical switch of 
drawing 1 A-1C of operation. The request for blocking the light transmission which passes along the 
channel 12 of a switch at the time of the beginning is received by the switch controller (step 32). This 
request is answered, a controller adjusts the control light reinforcement in a filter 18, and a filter 18 is made 
to reflect the light which spreads the inside of a channel 12 (step 34). Control light is introduced into a filter 
1 8 through the transparent control access window 19 of planar structure 8. 

[0023] Control light reinforcement is answered, and the spectral response of a filter shifts so that a filter 18 
may be in the reflective condition mentioned above. While maintaining the same control light 
reinforcement, an input lightwave signal is received in the optical input 14 of a channel 12 (step 36). Control 
light is answered, and a filter 18 reflects an input lightwave signal toward an input 14, and is returned (step 
38). The new request for making the optical transfer which passes along a channel 12 at the next time 
penetrate is received by the controller (step 40). 

[0024] Answering a new request, a controller re-adjusts control light reinforcement to the new value which 
makes a filter 18 penetrate the light which spreads the inside of a channel 12 (step 42). While maintaining 
control luminous intensity, an input lightwave signal is received in the optical input 14 of a channel 12 (step 
44). Answering new control light reinforcement, a channel 12 makes an input lightwave signal transmit to 
the output 16 of a channel 12 through a filter 18 (step 46). 

[0025] The filter 1 8 and channel 12 of drawing 1 A-1C controllable in light may be used in order to form a 
more complicated optical switch. 

[0026] Drawing 2 shows the 1x2 optical switch 50 containing the single input light channel 52 and the 
output light channels 54 and 56 of a pair. The instantiation-channels 52, 54, and 56 are 2D which is not 
illustrated. It is in PBG structure. 2D PBG structure is arranged in itself in the planar structure 58 similar to 
the structure 8 of drawing 1 A-1C. PBG structure contains 2D periodic array of the same object in which the 
refractive index differs from the refractive index of the nonlinear light medium of planar structure. For 
example, two or more objects may be two or more holes which let planar structure 58 pass. 
[0027] Channels 52, 54, and 56 interrupt 2D array of PBG structure. PBG structure diffracts the light 
received in an input 51 coherent, and, thereby, makes the range of the wavelength of input light spread along 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,2002-268105,A [DETAILED DESCRIPTION] 



Page 4 of 5 



with channels 52, 54, and 56. Amplitude splitting of the light is carried out so that an input channel 52 may 
be spread and it may spread along with output channels 54 and 56 after that. Planar structure 58 restricts 
optical propagation in the direction perpendicular to the field of structure by all internal reflection. 
[0028] 1x2 switches contain the arrays 64 and 66 of an object all over the field of the specification of both 
output channels 54 and 56. Arrays 64 and 66 function as a resonance light cavity similar to the array 24 of 
the object shown in drawing 1 A-1C. Arrays 64 and 66 function as an optical filter which has the 
permeability controllable in light over the optical propagation relevant to channels 54 and 56. Arrays 64 and 
66 are independently controlled by reinforcement of the control light beam introduced into arrays 64 and 66 
by the transparent control access windows 67 and 68 in the upper front face of planar structure 58. The 
reinforcement of a control light beam switches arrays 64 and 66 between a transparency condition and a 
reflective condition, and switches input light to output channels 54 and 56 alternatively. 
[0029] especially — the band gap of a medium — small — being long (1 .2 [ as opposed to / For example, / the 
crystal semi-conductor of the shoes formed by Ga, As, In, and P ] -1.3 micrometer) — introducing into a 
window 67 the selected control light reinforcement which can be set changes the refractive index in an array 
64. It stops that a new refractive index makes channels 52 and 56 reflect the light received from the input 
channel 52 in the array 64, and light spreads it to a channel 54. Some operation gestalten arrange one or 
more light-scattering objects 59, for example, a hole, near the crossing between channels 54 and 56, and 
increase the percentage of the reflected light ended in an output channel 56. 

[0030] Control light is introduced into a window 68 and can make an array 66 reflexibility to the light 
received from an input channel 52. And light is reflected by channels 52 and 54 by the array 66 rather than 
spreads the inside of a channel 56. 

[003 1] Drawing 3 is a plan of planar structure 70 which functions as a lxN optical switch. Structure 70 
contains one input light channel 72 and the 741 to 74 N output light channel of N individual. Each 741 to 74 
N output light channel contains the 761 to 76 N filter which is controllable and is similar to the filter 18 of 
drawing 1 A-1C with an independent control light beam. The reinforcement of each control light beam 
determines whether to be permeability or reflexibility to the light in channel 741 -74N to which a 761 to 76 
N related filter relates, and this controls routing of the lightwave signal from the input channel 72 which 
passes along a switch. 

[0032] An instantiation-switch is flush type 2D. It is the planar structure 70 equipped with PBG structure. 
There is no light-scattering object of the PBG structure which crosses planar waveguide, for example, a 
hole, in a 741 to 74 N channel. 

[0033] Each 761 to 76 N filter may be formed from the array of the object similar to the array used in the 
filter 1 8 of drawing 1 A-l C. Therefore, existence of a control light beam and/or un-existing relevant to each 
761 to 76 N filter will control propagation of the input light which passes along a 741 to 74 N output 
channel. For example, when all control light beams are "OFF", the 741 to 74 N filter of each channel will 
essentially show the same propagation property, and will spread input light to each 741 to 74 N output 
channel. 

[0034] In alternative, when N-l control light beam is made active, N-l 741 to 74 N output channel related 
with this control light beam becomes reflexibility to input light. And these 741 to 74 N channels reflect and 
return input light along with the input light channel 72 and the remaining output light channels. Thereby, 
only one output channel permits that an input lightwave signal spreads through it to this configuration. 
[0035] In other operation gestalten of structure 70, the additional optical filter which is not illustrated is 
arranged along the location on 74Ns of - with an output channels [ other ] of 741 to 74 N output channels 
during the crossing of 1 . An additional filter is the same as the filter 1 8 of drawing 1 A-l C, and in order to 
offer the further routing control, it operates by the separate control light beam. 

[0036] In the switch mentioned above, switching speed is the sum of the turn-on time and the turn-off time. 
It depends for the switching time on both the property of a bulk medium, for example, the property of an III- 
V group semi-conductor, the controllable optical filters 1 8 and 64, the array 24 of the object used for 66,761 
to 76 N, and the form of a defect 26. Especially the electron guided by the control light beam and the carrier 
consistency of a success determine the controllable optical filters 18 and 64 and the refractive index in 
66,761 to76N. 

[0037] Thereby, the turn-on time is restricted by only the time amount needed in order to generate the 
control light pulse which produces the carrier consistency needed. The turn-off time is restricted in another 
side by the time amount needed since the same electron and a success carrier are recombined. It depends for 
a carrier recombination rate on both the peculiar property of a bulk medium, and surface treatment. The 
surface contribution (surface contributions) to a recombination rate is dependent on both surface 
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characteristics over the front face of surface area and the controllable filters 18 and 64, and the object 24 that 
forms 66,761 to 76 N. 

[0038] If the number of filters 18 and 64 and the objects 24 in 66,761 -76N becomes large, the actual surface 
contribution to recombination will become large, and the turn-off time will become short. If the turn-off 
time is shortened in spite of it, in order to maintain a switch in the same condition, the-like-proportionally 
increase of the power which must be supplied by the optical control beam will be produced. By this, 
switching speed will be restricted by the available power budget (power budget) in order to maintain a 
switch in a specific configuration. 

[0039] Drawing 1 A-1C and various operation gestalten of the optical switch shown in 2 and 3 contain an 
accumulation optical amplifier. This amplifier offers the gain which offsets the signal attenuation caused by 
the signal propagation which passes along the semi-conductor medium which poured in the charge carrier. 
An instantiation-amplifier includes the power source connected to the electric contacts straddled and 
arranged in the semi-conductor medium of an output channel, and these contacts. A power source carries out 
the pump of the carrier consistency in an output channel, and the carrier consistency by which the pump was 
carried out amplifies an output signal by induced emission (stimulated emission). Use of such amplifier for 
offsetting attenuation is known by this contractor. 
[0040] 

[Effect of the Invention] As explained above, according to this invention, the improved optical device which 
uses a nonlinear light medium can be offered. 

[0041] When the number indicated in a parenthesis is after the requirements for invention of a claim, 
correspondence relation of one example of this invention should not be shown, and it should not be 
interpreted as what limits the range of this invention. 

[Translation done.] 
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[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

It is an accumulation light switching device, 

The planar substrate which has a nonlinear light medium and an upper front face, 
1 -dimensional input waveguide arranged in this substrate, 

the 1st 1 -dimensional output waveguide arranged in this substrate — it is — the 1st main channel and light — 
this — the 1st 1 -dimensional output waveguide which has the boundary constituted so that the 1st main 
channel might be made to spread, 

this — the 1st resonance light cavity arranged in the 1st channel — it is — this upper front face — minding — 
this — the 1st resonance light cavity which has the optical spectral transmittance which answers the control 
luminous intensity transmitted to the 1 st resonance light cavity, 

the 2nd 1 -dimensional output waveguide arranged in this substrate — it is — the 2nd main channel and light - 
- this - the 2nd 1 -dimensional output waveguide which has the boundary constituted so that the 2nd main 
channel might be made to spread — and 

this — the 2nd resonance light cavity arranged in the 2nd channel — it is — the front face of this substrate — 
minding — this — the 2nd resonance light cavity which has the spectrum permeability which answers the 
control luminous intensity transmitted to the 2nd resonance light cavity — since 

The device with which the input edge of both ****** waveguide carries out opening to the outgoing end of 
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this input waveguide, and this resonance light cavity controls optical termination association between this 
input edge of this output waveguide, and this outgoing end of this input waveguide. 
[Claim 2] 

a device according to claim 1 — it is — this — the device characterized by the 1st resonance light cavity 
consisting of an array of an object. 
[Claim 3] 

The device characterized by being a device according to claim 2 and this object being a hole. 
[Claim 4] 

a device according to claim 2 — it is ~ this object - this — the device characterized by the refractive index of 
the nonlinear medium of the 1 st output waveguide being inclusion of the 2nd medium which has a different 
refractive index. 
[Claim 5] 

a device according to claim 1 - it is — this nonlinear medium — the — the device characterized by consisting 
of an III-V group semi-conductor. 
[Claim 6] 

a device according to claim 1 — it is — this — the device characterized by having the transmission from 
which the 1st and 2nd resonance light cavities differ according to control luminous intensity. 
[Claim 7] 

It is the approach of optical switching, 

the control light of predetermined reinforcement — the field of the 1st 1 -dimensional output waveguide in 
planar waveguide — introducing — this — the step which is a step to which the permeability of the channel of 
the 1st 1 -dimensional output waveguide is changed, and has the spectral transmittance to which this field 
answers optical reinforcement, 

the control light of predetermined reinforcement — the field of the 2nd 1 -dimensional output waveguide in 
planar waveguide — introducing — this — the step which is a step to which the permeability of the channel of 
the 2nd 1 -dimensional output waveguide is changed, and has the spectral transmittance to which this field 
answers optical reinforcement — and 

the step which transmits input light to 1 -dimensional input waveguide in this planar waveguide — it is — the 
channel of this 1 -dimensional input waveguide — this — the step which has the 1 st termination wide opened 
to the termination of the 1st and 2nd 1 -dimensional output waveguides — since — the approach of becoming. 

[Claim 8] 

an approach according to claim 7 — it is — this — the optical window from which the step which the 1st and 
the 2nd introduce differs in the side front face of this planar waveguide — minding — light — respectively — 
this — the approach characterized by sending to the 1st and 2nd 1 -dimensional output waveguides. 
[Claim 9] 

It is the approach characterized by having wavelength short [ are an approach according to claim 7, and ] 
enough although one of said steps to introduce increases the charge carrier consistency in the waveguide to 
which delivery and said light sent receive said light sent for light to said waveguide. 
[Claim 10] 

The approach which is an approach according to claim 7 and is characterized by this field forming a 
resonance light cavity in the preselected frequency band. 
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